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I'or larger systems tliat are being built to meet Duke's "desigr)ated" and "mandated"

2 programs. I recommend Duke assume that 100% of I'uturc builds will be single-axis tracl ers.

3 The cost premium of tracking systems has dcclincd over time, and as sho)ss) by thc market

4 evolution. the additional cncrgy and capiicily benefits that come Irom trackers morc than

compensates for the price premium.

I also recommend that Duke remove the 500 811V limit from its basv. case and instead

7 model thc higher 900 ihfkV limit from its high rene)cables scnsitivily. Duke's ou n phins ivill

8 require much higher levels of interconnection in the hiture, making it imperative that thc

9 Company pursue changes that will alloiv higher rates now.

10 F. Du4 's Dereio )ment Timeline or SIN rmri Pum ed H) drn itexortrziesi I

Ineon)i rterrt ii i Ii) its 0rrn Dutn

12 Q86. IVIIAT AssUAIPTIoxs DVEs DL'KF. HAKE kELATED To THF, Avn)LABILITYoFSSIRs7

13 A86. Duke assumes that SlvIRs will bc utilized in two uf ils six portfolios. Thc 0)rst, "70% CO

14 Reduction: High SABIR" assumes that 1.368 SITV of SSHR capacity ivill be online hy 2029. The

second. "Yo View Isratunrl (ras", assumes 684 MtV of SSIR capacity ivill be online by 2035.'")

16 Q87. IVI)AT Ass(»PTIoss noes DL'KF. HA'vl RELATED To PI')IPEH H) I)koy

17 A87. Duke assumes that a 1,620 511V ()f new pumped hydro capacity )vill bc online in 2034 in thl'cc

18 portfolios: both 70% COI reduction portfolios arkl thc No Neiv iVaniral Clas Portfiilio.

19 Q88. IVERE IHEsE REsollkt:Es sELEETFI) As I'AltT oF THF. Slot)FI.IND ol'TLSHI )TIok Pkr)('Ess?

20 Agg. No. Thcsc resources ivcrc not selected through thc modeling nptimizaiion process. but raihcr

21 added manually after the fact in each of thescportfolios.'2

Q89. Dri) DUKE Pkov ll)E OTHER Iuk()k)IAI ION kFLA IFI) IO THE DEvELOPSIFKT 11))FI.ISE OF

23 SRIR PkOJEL"Ixsg

' Fxhibu KL-13. Duke Response to SCSHA RlrP 2 tproduciog Duke response io DR PSDR 3-1 JI.
' L'xhihit KI -14. Duke Response to SCSBA RFI' IProducing Duke rcsPonse to DR NS('LA 7-31
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I A89. Yes. Duke provided this information in response to a question vvhen ShlRs are assumed to be

3

5

6
7

8

9
10

online:

SMRs modclcd for thc IRP have eight (8) year capital spend. vvith the ttrst tvvo

(2) year [sic [ primarily focused around licensing, and the tinal six (6) year [sic]
being construction, testing. and commissioning. As stated in th» IRI'. Ihc
company recognizes the challenges vvith integmting a lirst ol a kind technology
in a relatively compressed timeframc arc signilicant. Thcrcfurc, Ihcsc cases arc
intended to illustrate the importance of advancing such technologies as part of
a blended approach that considers a range ofcarbon-free Iechnolugics tu allow
deeper carbon reductions.'

13

In other vvords. Duke would have to begin activities related to SSIR deployment this

year in order for these units to he online in 2029. Oiven this case trill not bc dccidcd until thc

middle of 2021, and Duke is not requesting approval to build an SSIR in its IRP. Duke 9 ou rt

14 development timelines are incompatible Ivith its assumption that SMR capacity would bc

15 online in 2029.

16 Q90. AkE I HEkE Ahv AI. I lv E S51R I'RoJEO IS lx I)EvELovvtkx'I'kxT cax vRovIDE IxslcltT To

17 TI I IS Cl I.st.I.F 8 OF7

I tt A90. Ycs. 'I'here is a project under development by Nuscalc in Idaho that had secured ot't'take

19 agrccmcnts fmm a number ot municipal utilitics in Utah. Ixuscalc spun out ol'Oregon State

20 Unisscrsity in 2007 Imd began dcvclopmcnt of thc SSIR. Thc project proposes using tsvclvae GO

21 hliV SlvlRs to form a single 720 MIV facility housed at thc Dcptrrtment of Energy's Idaho

22 National Laboratory.

23 Last fall, after another mund of project delays and cost increases pushed thc cost

24 estimate from $4.2 billion in 2018 to $6.1 billion in 2020, several ot the municipal utilitics

exited their pnsitions.'he project recently received $ 1.4 billion in ttnancial support from

26 DOE to help keep the eventual price of povver from the $51 R to under S55r h IKVh, the maximum

27 amount provided by the agreement vvith the municipal utrlitics."

"" Exhibit KL-2.
""v 'i««1«Barr «vd;; - d: .fi .. e I v k ~alii;- . I i k-

ol 58926 u

blips', uu t\ cncr o\ nc anictcs'doc-a roses-aw'ard-carbotl-tree- ower dtrojcch

60
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Even tvith this financial support from DOE and having bccn under development for

morc than a decade, thc facility has not yct received its design certification from rhc isonuclear

3 Regulatory Commission, although it did pass a kcy milestone in receiving ils safety evaluation

4 report in August 2020. Nonetheless, sluscalc plans to begin construction by December 2025

and have the first module in service by 2029, thc same year Duke contcmplulcs a 1'ully-

6 operational SMk facility.'"

7 091. DID DEKE PRo) IDK oTHER IBFDR)lxTIog RELATED To THF. DE'vELDPsIENT TI)IFI.IKF. DF

B PLUS)FED HVDRO?

9 A91

10

12

Yes. Duke provided a confidential study perl'om)cd by ~n':o~egarding
potential grccnficld locations for additional pumped stomge located on or about l

P'o" This study includtgl cost estimates for( j sites and an

environmental, rc ulatory, and licensing analysis nn new pumped hvdro. The key tlctails lor

these projects are shown in Table 5 belotv,
BEGIN CONFIDENTIAL

END CONFIDENTIAL

15 @92. SABHA'I vvas THF nt YELDPsIKcsT scHt DL'LK assoc I s1EI) D I I H I HKRK FAOH ITIFUR?

1 f) A92, 1 ~)rojcctcd a 13-year development timeline for rnwh of the facilities. This included

17 ei Joit ytpars of engineering, environment;il. and regulatory sturlics followed by tive years of

"huh~.:;~ UUII; I. - Il,,-b 1 4 Ib IU

Exhibit KL-IS, Duke RcsPonce to BL'SBA RFP 2 IProducing Duke rcsPonsc to Dlt Nt:Blun -36)."Ul' IUULUCUII II I C I I .; I bi'b". « .bl,'U. '1 11» '
I .h
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I construction. Based on this schcilule, for these units to he online in 2034, development )could

have to begin in 2021. Given this case )vill not bc decided unIil the middle of 2021. and Duke

3 is not requesting approval to build pumped hydro capacity in its IRI', Duke's vivn development

timclines arc incompatible ivith its assumption that nctv pumped hydro capacity )vvuld be

online in 2034.

6 Q93. 1VIIAT Is )ot:R coat:LL'stok kEGAkDIKG 1HF. IKcl.tslok UF 831R Akt) PL)tt'I:I) Itvt)ko IK

7 so)IE VF DDKF.'s I'oIITFot.tos?

8 A93. Based on Duke's oun assessmcnts, the timclincs prnjected for SKIR and pumped hydro arc

9 unattainuble. While Duke ad)nits that some of its portfolios are "intended to illustrate thc

10 importance of advancing such technologies", it is unfortunate thut all three of Duke's deep-

11 dccarbonizativn porttolios rely on rcsvurccs that, based on Duke's otvn assumptions, arc not

17

13

likely to be deployed in time tv uttain the carbon reduction. Thc Commission should request

that Duke construct a deep-decarhonizativn portfolio that does not require resources ivith

14 unachicvuble development timelincs, but rather I'vcuses on morc robust deployment of existing

15 resources such as solar, )vind. and storage.

16 IV. DUKE'S NATURAL C)AS I'RICE FORI)CAST AND Sl)NSITIVITES ARE FLAWED

17 AND BIASED lyD)iVXi'iVARD

18 Q94. IVII) Is TIIF KATI kAL GAs Pktt k FDRFGAs I'ASD vot R ck)TII2t EoF IT so ckttlcAI. To Ft I I v

19 UKDFks)AKDIKG DLKE's IRP I'ILIKI., ITs PDRTFot.lo t:UNSTkL'I:Tto.i, AHD 1 HE RlsK

20 .ASSFSSSIEKT OF THOSE PORTFOLIOS?

21 A94. Thc natural gas price forecast is one ol'he most important input assumptions in Duke'

77

23

modelina. This input impacts how. Duke's modeling selects between resources as it optimizcs

capacity additions across tht: IRP planning horizon. In thc model, Dukt: cntcrs the IRP planning

pcrivtl with substuntial coal cupacity anil gvncratinn, ivith 18% vf capacity and 16% oI'otal

62



ELEC
TR

O
N
IC
ALLY

FILED
-2021

April22
3:00

PM
-SC

PSC
-D

ocket#
2019-225-E

-Page
5
of27

10

12

13

15

17

19

20

21

77

aa

generation coming from coal under the Base cusc tvith Carbon Policy."" By 2(135, most of the

coal has been retired, and the amount still operating only produces I% of total generation. I low

this coal capacity and energy will bc replaced is thc fundalttclual tluestion of thts case and

mirrors thc broader evolution of thc clcctricity sector across thc country.

Duke's model currently tavors natural gas over rcnctvttbl«s and stora e tn replace the

retiring coal, as demonstrated hy the small amounts added by the model optimization under the

ttvo base cases."'lotvever, this modeling outcome is not a reliection of thc merits of natural

gas over renetvablcs, but is instead a mathematical result of the model's assumptions. I'urthcr.

this mathentatical result is heavily influenced by the natural gas price forecast that Duke uses.

which is in turn based on lotv market prices from the illiquid portion of the natural gas futures

pricv. curve. By exclusively using tcn years of market prices, and relying on those same

I'orccasts fur live nu&rc years, thc model is biased totvards building tmd mnning natural gas

assets. This means that natural gas CC units built in '2027 and 2028 clears out thc capacity

nccd I'or many years to follotv, which, under Duke's modeling set up. prcvcnts any more

capacity from heing built.

But this modeling relies on flatved inputs. A natural us forecast based more on

fundalttetttals-based forecasts and less on volatile market prices is not only morc robust but

«lso prcscnts thc model tvith higher natural gas prices during thc critical mid-2020s through

mid-2030s period, tvhen the ltrst capacity nccds arise. Uttdcr this scenario. thc cconontics ot

building and operating natural gas CCs and CTs will bc relatively morc expensive than

deploying renetvables and storage. and the mutlcl optimization may reach a very di tTcrent result

that instead is tvcightcd totvards zero-carbon renewahles and stontgc.

This has a meaningful impact on the relative riskincss of Duke's portfohos. Duke has

already acknowledged the need to transition atvay from fossil fuels. However. its modeling

uo DLC IRP Report at 107.
'" The model does aot select any solar in the Base case without Carhuo Policy beyond uhat Duke mamtattv added.

aod only selects 25;u of thc total solar in the Base case tvith f arhon Policy.
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I assumptions. driven in large part by its natunil gas for««ast, r«suit in th«addition of massive

2 quan(ilies ofnatunil gas generation (cell into the future. In fact, Duke's Base case ivith Carhnn

3 I'olicy shows generation from natural gas CCs growing from 21% in 2021 tu 31% in 2035,

4 only to bc bolstcrcd further by kIditional CCs past 2035." It has not adcquatcly analyzed the

risk associated with Iirm t'ucl supply and costs nr pot«ntial carbon policy in th« futur«, must

less reconciled these neiv gas plants iiith its 2050 i(et-acro gua!.

giinply put. Duke's Ilaivcd natural gas forecast leads to portfolios that arc heavily

vveigh ted to(cards natural gas generation insiinid ol'uncs based morc on rcn«wab les and stonigc.

9 If Duke werc to follow this path, it ivnuld unnecessarily expnse its customers and its

10 shareholders tn substantial and ai oidabl«risk.

I I Q95. I LEAsE PRovlDE Ax ovFR'vIF(v ()F Ttlts sFETR(x oF v(it'k TFsT(si()xv.

12 A95, For thc reasons discussed above. I have developed extensive testimony that walks the reader

13 from Duke's construction of its I'orecast ihrough the likely final impacts of its choice. I detail

14 Duke's methodology of using market prices tnr ten years before fully s(«itching to a

15 fundamentals-based forecast by year sixtccn in constntcting its natural gas forecast and high-

16 and loiv-pricc sensitivities. I draw a straight line from the lack of liquidity in the futur«s market

17 to thc lack of robust long-term price t'ormation for the speci tie Iinancial instrument l)ukc used

to establish thc market prices. I also show that long-term futures prices primarily rellect short-

19 tenn volatility mthcr than being rcllcctivc of thc macrocconomic dynamics th u influence lnng-

20 run prices. I then discuss the tlaivs in Duke s approach to producing its high- and lovv-price

21 sensitivity, b«fore concluding ivith observations about the potential coll«ctivc impa«t uf these

77 choices on Duke's IRP modclin ~ ihat may have resuhed in morc natural gas and less solar and

23 storage rcsourccs being added in the future.

24 Q96. IVI(AT ARF. v(it'k Pklxl (kv c:oxol.usloxs7

'" DFC IRP Rcpnn at 107.
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I A96. Dul e's natural gas forecast is highly problematic. It begins with a Ilmved assumption that its

10

12

13

14

15

16

17

18

19

n0

21

24

25

ability to purchase &f& nrhtimis quantities of natural gas on ten-year contracts justifies its

decision to base thc ltrst tcn years of its model entirely on market prices. I sho&v how prices

from the financial instrument it used to secure the gas supply arc directly derived from luturcs

contracts, &md how the prices I'ur those futures contracts beyond tvvo years are base&I on almost

no market transactions.

I then sho&v ho&v ntntr-term price volatility in the natural gas htturcs market &vorks its

wa& into the long-tenn portion of the futures price curve. As part of this analysis. I sho&v the

sizable &vcck-to-&reek volatility that occurred in 2020 meant that if Duke had lock&xi in its gas

forecast a few weeks earlier or a few &veeks Inter, it would have produced a meaningfully

diflcrent result.

Thc fi&ct that a kcy input like the tirst tcn years of natural gas prices is so cxposcd to

short-tenn volatility is a clear sign that it should not he relied upon for morc than a ti.&v years.

To counter this. I propose an alternative forecast methodology that Nouhl smooth the short-

term volatility in the market prices and only rely on them exclusively for 18 months before

transitioning over I tt months to a fundamentals-based I'orecast.

Iqcxt, I discus the methodolo 1 that Duke used to construct its high- and lo&v-price

sensitivities. 13ecausc thc Company's method is entirely based on the short-term price

volatility of futures contmcts, extrapolating out ten years produces a "random &valk" result that

deviatcs substantially from fundamentals-based forecasts. Thc resulting scnsttivities contain

disjointed segments that &could n:quire a bizarre sequcncc ol'massive policy shifts to bring to

fruition.

Finally. I discuss how Duke's natural gas price forecast might have itnpactcd its IRP

results and ashy it is critical that the modeling bc updated &vith better assumptions. 'I'hese

forecasts impact asset selection, I'VRR, and carbon emissions, and play a kcy role in th» risk

65
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assessment that Duke should have produced bcmiecn its several portfolios. I.caving this many

outcomes dependent on a llavved natural gas price forecast is highly inappropriate.

A. Duie's Use n htlanbet Prices nr 7'en I'eaisis Inaiipropriate

4 @97. Hovv vvAs DL'KE s NATL'RAL GAs PRlcE FDRFcAsT DEYELoPED".

5 A97. Duke based its forecast on "market prices" from tinancial instruments that vvere prices based

10

12

13

on natural gas futures contracts Iur years I through 10. transitioncd linearly to a fundamentals-

based forecast from years 11 to 15. bef'ore utilizing a Iundamentals-based forecast from year

16 forvvard. The Company also developed a high- and loiv-price scnsiiivity, applying a

statistical methodology to market prices before transitionin ~ to tivo Energy Information

Administration (EIA) Annual Fnergy Outlook (AEO) fundamentals-based forecast

scenarios.n Thc resulting;mnualizcd I'orccast is shosvn hcloiv in Figure 14. This is a

recreation of Figure A-2 from thc DEC IRp Report and clearly delineates th» three disjointed

sections ol'100% market prices and 100% fundamentals-based forecast, joined hy the tive-year

transition hetvveen the tvvo.

ni DEC IIIP Rcport at I57-15tt.

66



ELEC
TR

O
N
IC
ALLY

FILED
-2021

April22
3:00

PM
-SC

PSC
-D

ocket#
2019-225-E

-Page
9
of27

S16-00

514 00
S13.00

512 00
511.00

S10.00

$9.00

SS.OO

N 57.00
ss

66.00
2 SS00

54.00

$3.00

52 00
St 00

s-

Duke Annual Natural Gas Forecast - IRP Figure A-2

Base Blended

Low Blended

— High Blended

gO 1 7n 7O ASi ~O a% an nln nO O 67 l ei Si O
7O 7O'O 7O 7O 7O O „9 7O 7O ~O 7O 7d ~O ~O ~O

Fignrr I 4 - Dntr dermal Nnnei&I tiiia I'nrra nil - IRP Fleer r o)

3 Q98. AVI IBT XIARIIET PRICF. DOFS DtlKE 1'SE IN ITS FORECAST.

4 A9g. Duke uses market prices based on a I I6-inoluh fixed price swap for 2,500 dts/day tor May

IO

I7

l3

15

2020 through December 2029.ue The fixed-price swap (or swap) is a tinanciat derivative that

allows market players to hedge their future purchases or sales of a conunodily by locking in a

lixed price nolv rather than facing the market price in the future. For;I purchaser uf natural

gas such as Duke, buying a slvap allows it to lock in its natural gas fuel price in Ihc future and

reduces Ihe risk associated with market price fluctuations. If thc m lrkct price in the tuture is

higher than thc swap price, then Duke lvill save money, but it it is Iolver. it will lose money.

That said, the point ot'hedging in icncnll is not to speculate on the future price ot'atural gus

(there arc otticr ways Rl acconlplihh that), but to rcshlce risk of Duke's tmancials associated

with natural gas price fluctuations.

Thc monthly price of the swap is based on another financial product called a hitures

contract (also referred to as just futures). fhese contracts arc financial instruments betlveen

ua Exhibit KL-16. 1)oke ttesponse to S( Sun RI'p 2 (tuoducmg I)uke response io DR NCSEA 531.

67
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I ttvo parties (a buyer and a seller) that gives the buyer the right Io receive anti obhgates the

seller to deliver a certain quantity of natural gas at a certain price at a certain place in the

Iuture. For example. one can purchase a futures contract that u'ould give the buyer thc right
I IS

4 to receive 10.000 hlhlBlu of natural gas in July 2024 at Henry Hub at S2.433/ MSIBtu.u"It'n
July 2024 the spot price (i.e. the then-current market price) for natural gas is $3,00/ hlIXIBnt,

thc holder ot'the futures contract tvuuld have the right to receive it from the seller I'or S2.433 /

7 Mh(BID for gas rather than (he higher market price.

Stvaps and futures are dilfcrcnt but related products. Futures contracts arc standardized

9 (same tluantity, smnc delivery location) and settle through Ihc N YMEX exchange and obligate

10 physical tlclivery or receipt ol'a product. Swaps. by contrast, can bc customized to meet thc

ll rcquircments of thc buyer or scllcr, such as changing thc location of dclivcry. and can bc

12 purchastxl through brokers or through commodities exchanges.

13 @99. IYIIATIsA I LISDAAIFRTALs-BAsFD FokFI'AsI".

14 A99. A fundamentals-based forecast uses a model th;tt simulates entire sectors of the economy to

determine supply. demaml. and prices for commodities. The EIA AEO uses the National

IG Fncrgy IXlodeling Systems (-IVESIS" I model thr this purpose. I.'IA describcs VERBIS as

17

18

19

20

22

a computer-based. energy-economy modeling system for the United States.
NEhh(S projects thc production, in)purLS, conversion, cottsumption. and prices
of cncrgy, subject tu assumptions on macroeconomic and lin;mcial lactors,
vvorld cncrgy markets. resource availability and costs. behavioral and
technological choice criteria. cost and performance characteristics of energy
technologies. and demogrttphics.'"

23 QI00. IYII vT Is 11IE DIFFFkpxcE BETxvFEx I'ktt Fs FRoxt SATI kAI. tits I L ILlttEs coxTk tel s Ait&

24 S1VAPS A XI) I HOSE FROXI A Fuhht)AXIEOI TAI SBA SKI) FOkl CAST.

'" Futures rarely result m physical dcltvery of thc prohtuct. Incrcall, holhlco oOhc contracts typically close their
posttions prior to physical hlcltvery.'"h~»l,'~hiv:* " 'l:" . » I ' 'I I:vh'"ll S I IF If OIISS.: 0" I.'OIS. Ilhl
~h« ..,~lh " ~i«: fll. Ilh'Op~ill . Ol:
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1 A100. %loch like equities in the stock market. futures prices are affected by market participants buyin ~

2 and selling contracts and by factors such as vveathcr or policy changes that ntay affi.ct future

naturul gas supply and demand. 1'uturcs prices cun bc very volatile and reflcct thc short-run

impacts of factors such as weather and natural gas storage capaci(y. Futures are also used by

5 produces or consumers of natnrul 0 is to hedge their phuincd natural gas sales or purchases and

can bc tnidvd by anyone simply looking to speculate on cxpvctcd changes in price. All of Ihcse

7 factors. including purchases by companies like Duke and commodities speculators halflvay

g around thc world. impact the price ol'these tinancial doris utites.

By contrast, a fundantcntals-based forecast such as ABO eliminates much uf Ihc short-

10 term noise from commodities traders and weather, focusing insttaid on the underlying factors

ll and policies that drive long-terlit behavior. ABO contains numerous policy scenarios tlmt

12 dctenninc how prices will respond to. tbr example, thc introduction ol'a carbon price or fcdcnil

13 clean energy legislation, or a sudden incrcusc or decrease in tlic m ailubility of natural gas or

14 oil at luw prices. These changes tilter through the entire model. meaning that thv supply.

demand, and prices that emerge reflect the holistic result of the fundamentals. not short-temi

16 trends driven by iveather or trading activity.

17 Q101. Hoiv RonLRTARF. THE FUTIJRFs 'itAIIRET PRIEFs?

Ig A101. The robustncss or "efliciency" ul'market prices"" is heavily driven by a market's litluidity:

19 illiquid markets or products that have few trades and low volume are less robust and produce

20 less ctTicient prices thun liquid markets with many participants. Thv most popular natural ns

21 future is the Henry llub Natural (ias (-NCi") I'uture found on the NYMBX exchange.n tVhile

22

o3

there is considerable volatility in thc price of these contracts, as thc third-lurgcst physical

comrttodiiy futures contract in the world by volume, it is very liquid — for surnc time periods.

24 Q102. IVIIAT I)o Too xtEAS "Fou soxIE TlxIF PFRIol)s"?

"" ln this context. eflieient pricing is one that ineorlrnmtes suflicienl relevant information that ailoivs huyers and
callers tu make intormcd dccicions about ihe value nf rhe assets they are tradin .pad' - . I-c - .hv I. r I.
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I A 102. Trading exchanges list two metrics of market activity: volume and open interesL Volume

2 retlects the total amount ofactivity in a day (i.e. Ihe total number ol'contracts that wrere bought

3 or sold) while open interest reflect thc total number ot comracts that are outstanding (I.e. how

many open contracts exist between buyers and sellers). The Y(J future offers monthly prices

I'or thc current year und next 12 culcndar years. meaning thut one can in theory lock in thc price

6 for dclivcry of natural gas bet»seen next month and December 2033. Ilntvevcr, the

7 overwhelming majority of market activity is constrained to contracts less than a year in the

S future, and there is almost no market activity for contracts more than two years in the future.

9 Q103. YVIIY IS THAT IlIPORTAX I'?

10 A103. It is important because higher murkct uctivity leads Iu morc accurate price I'ormation. and

II conversely, low market acth ity leads tu poor price I'ormutiun. Imagine a sales»'otnan is selling

12 a blue widget and wants to know what its value is to purchaser. If thc salcswotnan;tsks only

13

14

onc person what they would pay for it. the answer may be dependent on somewhat random

I'actors such as tvhcthcr that person liked the color blue or it they already had a widget. If shc

happened to ask a prospective customer who liked blue, the perceived value of the svidget may

16 be higher than if she happened to usk someone who preferred rcd, Rut if the saleswomen asks

17 100 pcoplc, or 1,000 people, or 1,000,000 people, more information can bc incorporatctl into

IS thc price and thc saleswoman will have a much bcttcr scnsc of how much customers witt pay

19 for the u idget.

20 Q104. EXAertn'tow I ITFI E AIARRFI Acllvtlv ExtsTs ix xa'll'RAL GAS Ft'Tt'RFS RFYoxn Tvvo

21 YEARS.'2

A104. Thc market activity drops substantially as one moves into the future.'I Figurc 15 below shosvs

23 thc cumulutivc Intding volume ot all ixO futures contracts avcragcd over Ihc tlays of January

20, 2021 to I'ebruary 2, 2021. On those days, 77% of all volume tvas for luturcs contracts no

ivlarket acuvuy obtained I'rum CMLr Group at htl sv»»» cme rou .cotu tnuhn 'uer 'uaniral- ac'natural-
uaa i uotes lobes iuinl.
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more than six months in the future, 94% tior contracts up to a year out. und 9t).1% for conlracts

up to eighteen months out. There tvas no trading at all for contnicts past htay 2024.

Cumulative Volume of NG Futures
I00/I

u 7&%

6036

60tt

E

ci sots

tort

Ots

0 12 74 36 48 60 77 84 06 108 120

Monthsin future

/oirrue/I . Cuuiu/inre tb/uurcu/XOI inures

Figure 16 bclutv shotvs a similar chart hut I'ur open interest. Thc curve is slightly

flatter, with 86 2% of open interest fur contracts tvilhin one year and 98.1% lur contracts within

nvo yrntrs. ()nly 0.083% of all open interest in thc most liquid nantral gas exchange in thc

tvnrltl is for contracts from January 2026 and heyon&l. To put that in pcrspcctive. the nmnbcr

ofopen contracts in Ihc next 12 months is roughly equal to 85% nf thc /taint ttl gas voltttttc Usctl

by the cntirc U.S. electricity potvcr sector in 2019, Hy contrast, thc total number of open

contracts from January 2026 through December 2033 would only hc enough to povvcr a single

1,200 lvAV N(r(:('. plant for two and u half months.'-'his paltry volume do«s not support

robust price formation.

'-'s of closing ua I/28/21, there werc r//3,104 open contracts of IU.UUU.vbvtittu rach for March 2U21 through
February 20 2. This is equal to /.732 bcf. According to EIA. the U.S electricity poivcr sector used 11,287 bct'of
natural gas in 2U19. On that satne duy, thcrc tvas a total of 1,317 open coniracts for /anuary 202/i through December
2033. In a typical 7.000 heat rate NOCC umt. this would produce I.xx I I iych. Ihe same amount from ruiming thc
plant for 7/I days.
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Cumulative Open Interest of NG Futures
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Fr"iin'a - 4'rrnrrrlrrrrru rkvir lurvr ur iil 22&i Fururv

3 QtUFL DoFB 1IIIS I48CK oF I.IQL'IUITT IY, 1HE LQRO-TFRst FETI'RFS SIAIIKET TRASSLA I E I%TO

SWAPS?

5 A l05. Yes, it does. tvhile swaps are not the same product as futures. Ihev are priced based on ftltures

contracts rvith potential incremental charges for brokers fees or risk premiums. This

relationship is clear when one inspects the price of Duke's swap in it h thc corresponding httures

contract from that day, as shotvn in Figure l7 helotv. The prices of the two instruments arc

jn the swap in the out years.
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BEGIN CONFIDENTIAL

END CONFIDENTIAL

Because uf this. thc ltrck of liquidity in the market for futures morc than five years out

becomes emb»dded in Ihc price of a s)vap. So while l&ukc may b» able to procure small

5 amounts of natural gas through 10-year swaps, it dues not mean that the prices on tvhich they

6 are based have been robustly set by th» market.

7 QI06. DLkE IIAs ARGL'ED TIIAT ITs ABII ITY To PL RcIIARF s&IALL A)loLueTs oF GAB os A TFY-YEAR

g FORwARD BASIS DF)IOSS) ILKTES I IIE )IARkFT IS SLFI'lr'IFSTLY Ltt&L'ID TO RFLY OS ITS

9 I'RK'Es. 'ow alt cH RAll'RAI. GAs siEPPI.Y t)lu DLkF. siFcl:RE Is IIIE s)TRP DlscL'ssEI)

10 Ano'YE.

I I AIOG. It procured 2,500 dccatherms'day, equal to 2,500 ihlhlBtu per &lay. In a natural gas cotnbined

12 cycle unit with a typical heat rate ol 7,000, this is suflicient tu gcncrate about 357 h1N'h per

13 day or 130 Gl%'h per year. Considering that DEC and f&FP combined have forecasted sales of

"'ee ».F. Rcpt&'omments of Duke Lncrgy Caroltnuk LLC, and l)uke gncrg& Progress, LL(:, Docket No. I'.-IUD.i! i. !i i! ..:" .«;..r,'I' '! « i: '! = .i i-
du622'c3cc38.
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I 154,228 G1Vh in 2020, thc natural gas fuel needed to supply 0.08%%u nf Duke's annual

gcncmtion secured the swap is simply &fe rnirriaris.'

It Duke wishes to usc market prices for up to ten years in its gas forecast, it should

obtain market quotes from reliable broker) fora mcuningf'ul quantity ol'gas to sec il'they urc

availablc and ut prices comparable to small purchases. For instance, it ivonld bc instn)Ctivc Iu

6 see Ihe price to purchase 50% of Duke's projected natural gas consumption from for the next

7 ten years on a trxed price contract. If Ihcre is even a counterparty ivilling to sell this contract.

8 it ivill likely contuin a price premium that makes it substantially more expensive ivhat Duke

9 has demonstrated through rclatiivly tiny purchases.

10 Q107. DDFS DL'KEAcTOALLY Ltil)T ITS tssF oF if iRKFT vRIEFS) 0 TFi YFARs?

11 A107. No. Dvspitc what Duke claims in its IRP rcport, it is using market prices to detine or intltlcllcc

12 its natural gras forecast t'or a full 15 years. Duke relics entirely on murkct prices for Ihc ftrst 10

13 years of its forecast. Only after this point ilocs it six itch linearly from the market prices to the

Iq htndamenrals-based forecast. So ivhile the inliuence of market prices diminishes c;&ch year

15 nllcr vcar 10, it continues to impact the tinal forecast until year 16.'-"

16& Q108. DID DLKE oBTAIK itARKEI'ulcFs Foll IHIs FULL 15 YEAlts?

17 A108. No. it did not. The market prices from thc 10-year sivap stop in December 2029. & loathly

20

23

futures availablc on April 9, 2020, th» date ivhcn Duke locked in its nutural gas market price

forecast and its high- and low-price forecasts. only went throu h December 2032.' To extend

these prices to 2035, Duke simply applied the "i'ear-over-year groivth from the last &ear of

market d;&ta."" The complete lack of market data available for prices this Iar in thc future

should preclude Duke from upplving any ivcight whatsoever to murkct prices past twclvc years

to its natural as forecast.

" 2020 IRP Model hlpurs Nt)N-('()NFII)ENTIAI..
'" DEC IRP Rcpon at I 57.
"r Exhibit KL-17. Duke Rcsponsc to ECSBA IIVI' (producing I)ukc response to DR NCSEA 2-351.
"" Exh&bit KL-I7.
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I B. Fntrrres Prices nre Hi Bh. Vnlntile nrnl Itnnr rurote Shnrt-Term Vulntili 'into Inn -Term

I'i ces

3 '@109, Hotv ARE FRII Fs Ix THE NATI RAL 0 vs SIAIIRFT RFsT 0EsERIAFn7

4 A109. They are best described as highly volatile. The natuml gas industry is a sprawling. complex

10

12

13

14

15

sector of the economy. Ixatural gas is used nnt only by the electric sector I'or electricity

generation but used heavily in residential and conuncrcial buildings for space and waterheating

and by industry as feed stocks for many pro(lucts. I'roductinn, transmission. and storage of

natural gas involves an entire nthcr set otmarket participants, and there is a vibrant commodity

market vvhcrc traders and speculators scck prolits on natural gas lmancial derivatives.

Demarul I'or natural gas is highly depcnrlcm on weather and stonrgc capacity, leading

tn major strings in prices during extrcme weather events that alTcct demand nr nr rural disasters

that impact supply. Recense the market is affected by myriad factors, many of rvhich are

unknowablc more than a fcw days out, daily prices are highly volatile. I-igure Ig below shorvs

the daily Henry I luh spot price from 1997 through 2021.'lajor events such as Hurricane

Katrina in 2005, Hurricane Ikc in 200g, and thc polar Vortex in 2014 crm bc clearly scen

through their impact on prices.

::!« % 6; 'vI'kit'FTSI DI,
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20

Henry Hub Natural Gas Spot Price
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0 0 0 C
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Frgrrrc I l' II000 Ilrrb Jnmrnrl tsrrc spor Prier

This volatility in prices anti corresponding fttturcs contracts can be analyzed and

visualized. l.IA maintains a data sct of Henry Huh spot prices and corresponding futures

contracts for one. nvo, three, and tour months in the future back to l997,' I ignre 19 below

sho«'s the ratio of the future contract price to the eventual spot price for each month.' N'bile

some periods have been more volatile than others. there have been fc«'f any periods lvhcre

the futures price ended up aligned «ith spot prices. In times of extrcme volati)ity, fun)res

prices lor four months in the future can easily bc morc than 40% higher or lotver tlran thc spot

price.

'"~O,:.''.: ~rv .I'I: I'l IL'r ll I .I
Ctll 'he ca)ucs associated lvtth January 2020 shore the ratio of thc price of the January 2020 future conrract from
December 20)9 ( oat+1"), Nuvcmbcr20)c) ("st+2") octoher 20)') ("M+3"). and september 0(9 t'sat+0"1 dllida)
by thc January 2020 spot price.
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Qt IU. Is TtttS VocaTtt tTV t.tsttTED TO '1 HE iEAk-TVttstg

4 Al IO. No. The price volatility of futures spans the time horiron ol'offcrcd contracts. although thc

price swings are most pronounced t'or contracts in the subsequent l 2 months. Figure 20 below

shows changes to the daily sculement curve for futures from January 20. 202 I through January

2g, 202 t.tsa

0 d i dli CVRG P d!d.:
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10676

Daily Futures Price Change in January 2021
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The lack ul'ittuidity'5 impact on price Ibnnatinn is cltacrly clclincatcd in thts chart.

Daily changes for near-terat futut'cs on thc IcA side of thc gntph shotv sizable. variable. and

continuous changes I'rom month-to-month, rcilccting thc higlwr volumv of trades across those

contracts. By contrttst. the daily changes past January 2024 arc almost ahvays const;mt step-

clranges of 0.5% increments overlaid with small seasonal variations. For instance. thc ycllovv

linc representing the change from I/24/21 to I/22/21 (the prevtous market day) reduced out-

year contract prices by roughly 1.5%4 from 2025 through 2033. Th» very next day. the light

blue line shovving thc «hangc from I/25.'2! to I/26/21 increased prices hy roughly 1% from

2024 forward.

Thcrc is no rational underlying explanation for vvhy thc price of natural gas bcttveen

four and twelve years in the future vvould suddenly a»d unifurndy drop by 1.5% in u duy only

to risc sudtlenly mtd uniformly 1% thc next clay. An&I yet these types of (bcily nlovec are

cotnmon. despite a complete dearth of daily policy changes that in theory could drive Inng-

tenn shifts in supply and dern md in the physical natural gas market that affect prices. Because
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uf this arbitrary shilling, if Duke had obtained its 10-year stvap on I '25r21 instead of I 22i21.

its long-temt price forecast tvould have bccn 1.5% lower for the duration of the lkl'lanning

horizon.

C. Tite I'rice I'niariiin .Aconn(l fJttire's Foeecas( Loci'n Tiznin ~ ifi hit Jtrs rite Fiatr 0 Uslll ~

Fnmccs nc Long- Teton i'clcin

C) Qll1. 1)(lattnsKPRlcEswINGTRERDsPERsIsTovEK Lost Ett TISIEEtcsstlsg

7 A I I I. Yes. SVhilc I do not have bulk access to daily historical futures price scttlcment data. I was

10

12

13

15

able to cstract the price of certain contracts at scvcral dates over thc past 1tt months. Figurc

21 below is a graph ol'hc tvcckly price ot a January 2022 futures contract going back to

2010.'n ttt1ten this future was ftrst ulTcrcd. th» long-tcmt forecasts for natural gtt's tvcte

suggesting much higher prices. As thv frackin ~ boom occurred aml snpply was increased. thc

price of the futures contract fell. Isotice that xvhilc the January 2022 contract price followed

the long-term dotvntvard trend consistent tvith nctv naturttl gas supply. major swings still

occurred back in 2010 through 2012 that tvere not supposed by the trading volume that was

prcscnt over the past year (indicated by thc bars in the lower-right corner nt'he graph).
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NYMEX:NGFIOH. tW 3.060 T -0.057(-1.83'll) 0:3.049 Hrs.172 1:3.049 C:3.060

Fravrr -I -,Innrrv» '033 Fvvrrrr Cvnv rrr It'rein Prvr Irnrnru

While Figurc 2 I above rcprcscnts thc price of only onc lulurcs contract for Janu;try

2022 as il c«olved over lime. Figure 22 below is a complex chart shoo ing the price history of

thc January futures contracts from 2022 through 2030, tvith 2022 in blue. and 2023 through

2030 in progressively lighter shades of green.'' have also included small inset charts that

show the futures price curve on specittc dales, dcmonstratine the rcla(ionship bet«veen the

spacing of lines on the main chart and that &lay's I'uturcs curve chape (high or losv. inclined or

tlat).t33

'- This chart can be interpreted as snapshots of the shape ol the funrres curse graph that has price on the y osis and
time on thc x axis.'" Thc futures price curve is a chart st rth pnce on the y axis and time on thc s axis. Tbe inset et«arts represent the
price of January forwards that «ere availablc on ttrosc dates.

g0
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IOXXX Nolloll. 70 3 0000-0laltcLI8%)O'717 II 'I Il I'7037 e\ CC0

lllnlrr ZZ - Ecolllaoo ol aolorol r oc l xlxlrc Pncrc ttl 3!rl!l

On its ocvn. this chart is somewhat difticult to interpret. but ttvo key observations

emerge. First is that for most ot'he past tcn ycarrs thc graph of the futures prices had an

5 ulttvard-sloping trajectory. This is visible in the higher prices for successive ytnlrs shocving up

6 in order of color. Sometimes, such as in 2013, the lines are lilrthcr apart, indicating a steeper

7 upu'ard slope. Other times. such as in the summer ot'2014, they are closer togcthcr. indicating

b a llattcr slope. Second, thc overall curve has I'all«n in absolute value over time. I'rom in the

S5.00 - SG.OO per IMM13tu range in 2014 to thc $2.75 - S3,75 pcr hlchll3tu nlngc in 2019.

10 retlecting thc long-term increase in supply brought on by the t'racking boom.

I I QI 12. Ilas Ttlls ctksslsTEctT, t vtvakn-st ovlso 3:Ul LREs ccRTE vERslsTFI) ts Ill I Hl: kEcENT

12 VaST'

13 A I I 2. IVo. Beginning in 2020, thc dynamics of thc futures contract market changed. Fi urv 23 below

15

zooms in on thc past eighteen months of data. Thc left side ol'he chart from summer 2019

mirrors thc historic trends, Lvith an upward sloping futures curve. albeit at lower absolute levels

gl
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than in prior years. Hoivever. 2020 has broken )rom the past trends. Thc fulurcs curve has

moved around substantially, sometimes inverting (u'here shorbucrm prices (blue) are higher

than long-tenn prices (greco)) only to quickly rcvcrt back wccks later.

rasa s rrsireu. ia s oso r a ssr t-r ust o i » r a i n. c & a» or aso

big»re JJ - grularaar 0 taaicid chs rrrirrrri po es cilia- 'IL'r

The rapid movemcnt of the t'utures curve in 2020 means that thc market prices that

1'umt the lirst ten years of Duke's natural gas price lhrecast ivcrc locked in at a time ivhen

volatility ivas at a recent high. Figure 24 below shoivs thc January t'uturcs contract prices for

2022 through 2030 for selevlcil dates in thc past 10 months,'s On March 9. 2020. thc futures

curve was still sloped steadily upivard. By April rJ, 2020. the front portion of the curse harl

inverted. while the out years'rice had fallen roughly 7%."s A bit more than a month biter.

on May 14, 2020, the inversion deepened, and long-term pri«cs fell further.

'" January contracts typically have thc highest priccs ut'hc year and arc used ac a prosy for the underl& ing I'ucl
price oscr tune.'" April 9, 2020 ives rhe dare that Duke used to establish its narural gas market price forecast and us high and loiv
natural gas price forecasts. Lrxhtbit KL-t 7.
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53 40

Futures Price Evolution - 3/2020 through 1/2021
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l3ut this position was not held t'or long. By August 7. 2020, there had been a steep

climb of thc curse. with thc im crsion gone for all but 2022 and 2030 prices rising mon: than

5 25% from their hlay lows. By the end ol October 2020. the curve shifled dramatically again:

the inversion hvas back and stronger than any time in the previous year. Finally, at thc cnd ol'

Junuaty 202 I, the inversion shilled again, with near-tenn prie«s falling while long-term prices

g rose.

9 Ql ll. IIO THFSF. khVH) Aktt hlAJUII SHH IS Ik 'I HE FtiTL'kFS Ct'khT. SIGNAI. I ORRFSVOSDISGL'V

IO JHA.IUR sHIFTS Iv, THF. Fttbl)AAIF!ITAL I)vNAhtlcs UF THF. RATI'RAI. Ghs htARKETs7

I I A I 13. Yo. The fluctuations in 2020 are most likely due to short-term supply. demand. and stung«

l2

13

l5

IG

constraints combined hvith th«sizabl«uncertainty duc to COVID hvorking their w;ty into long-

temt forecasts. This is similar to hvhat hvas shown above in Figure 20, where out-y«ars had

identical changes from day to day. If one strings together «nough consecutive days of hot

summer weather or mild hvtnter hveather eapectations on top of th«rapidly evolving

coronavirus situation. the 0.5% daily changes can add up.
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But to suggest that the fundatnentals of thc U.S. natuml gas that drive long-tenn supply

and demand jcrkcd up and down in 2020 to this degree is to misstate the nature uf

"fundamentals". Figurc 2S bclotv shovvs a simplitted version of Figure 23 above tvith only a

fetv selected dates. Thc darker grccn lines represent near-tenn contracts vvhile the liglucr

fcpl'cscnt long-tclIll contracci.

53 90 7/15/19

Future Curve on Selected Dates

$3 70

$ 3.50

53 30

~ $3.10

10/26/20

21

52.90

52.70

2/21/20 4/9/70
$2.50

Jab Jr oo da OA OA oo oo oo da oo so wo Nod'n oo d so ~~ ~I o~ sr~ oa y o" d'A oo oo vo i~ ~I os OI osIo'O Io Io Io'o Io'o OO'o'O'ts I,v gN Iv
IO go IO IO IO no go go „O gO IO 0O IO O go go IO IO 0O IO IO IO

~lan 22~ Jan-2'I~ Jan-24

~Jan 25

~Jan.26
~Jan 27

— Jan 28

Jan 29

Jan-30

/Iena 2! - Fata&n Cnnrnn Srla(ed/Jnnn

h QI14. 5VIIAT noFs Tttls 5IFAs I'olt DCKE 5 NATI'RAI. GAs FoRFC'AsT".

9 Al I-I. Duke locked in its market price forecast for natural gas and its high- and lotv-price natural gas

10

12

l3

IS

price sensitivities on April 9, 2020, right in the middle of a major period of volatility in futures

markets, and very near tn thc lowest price point in thc market in scvcral years. Had thc stvap

been priced 0 bit earlier or later, the natural gas prices for thc tirst IS years of thc IRP tvould

have been substantially dil'f:rent. potentially producing substantially ditTerent IRI'esults as

well. Figure 2rt helotv shows the pcrccnt change in thc January futures contntcts on certain

dates compared to Duke's annual market price forecast.

84
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BEGIN CONFIDENTIAL

END CONFIDENTIAL

lf Duke had locked in prices a month earlier. tts gas price forecast from 2025 through

2030 would have beer. k to I higher. a non-trhial amount. If they locked in prices a month

Inter. the prices svould have been( i tot+ lower. If they had refreshed their forecast in the

summer. prices could have been v to( f~o higher. These are not small variattons. nor can

they bc considered forecast sensitivities. They are simply the result of relying too long on

hiuhly volatile prices from Iinanctal derivatives to establish or influenc prices tbr all 15 years

of th» IRP planning horiron.

Nor can this issue bc blamed on the stmngc and hopefully-not-rcpcated circumstances

ot'2020 and thc COVID crisis. As shotvn in Ftcurc 22 abosc. thcrc have been plenty of times

in thc past when the entire t'uturcs curve shifted up or down substantially in a short period. For

instance, earlk 2016 satv prices falls rapidly only to recover a few months later. and early 2017

featured a substantially flattemng of the futures curve over the span of tveeks.


